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CATHETER SUPPORT FOR STENT DELIVERY 



This is a Continuation-in-Part application based on U.S. Serial No. 
08/702,150 filed August 23, 1996, entitled STENT DELIVERY SYSTEM and a 
5 Continuation-in-Part of U.S. Serial No. 08/697,453 files August 23, 1996, entitled 
PRE-MO UNTED STENT DELIVERY DEVICE WITH INFLATABLE TUBE 
COMPONENT. 

Background of the Invention 

10 In typical PTCA procedures, a guiding catheter is percutaneously 

introduced into the cardiovascular system of a patient through a vessel and advanced 
through therein until the distal end thereof is at a desired location in the vasculature. 
A guidewire and a dilatation catheter having a balloon on the distal end thereof are 
introduced through the guiding catheter with the guidewire sliding through the 

15 dilatation catheter. The guidewire is first advanced out of the guiding catheter into 
the patient's coronary vasculature and the dilatation catheter is advanced over the 
previously advanced guidewire until the dilatation balloon is properly positioned 
across the lesion. Once in position across the lesion, the flexible, expandable, 
preformed balloon is inflated to a predetermined size with a liquid or gas at relatively 

20 high pressures, such as greater than about four atmospheres, to radially compress the 
arthrosclerotic plaque of the lesion against the inside of the artery wall and thereby 
dilate the lumen of the artery. The balloon is then deflated to a small profile so that 
the dilatation catheter may be withdrawn from the patients vasculature and blood flow 
resumed through the dilated artery. 

25 In angioplasty procedures of the kind described above, there may be 

restenosis of the artery, which either necessitates another angioplasty procedure, a 
surgical by -pass operation, or some method of repairing or strengthening the area. 
To prevent restenosis and strengthen the area, a physician can implant an 
intravascular prosthesis, called a stent, for maintaining vascular patency inside the 

30 artery at the lesion. The stent is expanded to a larger diameter for placement or 
implantation in the vasculature, often by the balloon portion of the catheter. Stents 
delivered to a restricted coronary artery, expanded to a larger diameter as by a 



balloon catheter, and left in place in the artery at the site of a dilated lesion are shown 
in U.S. patent 4,740,207 to Kreamer; U.S. Patent 5,007,926 to Derbyshire; U.S. 
Patent 4,733,665 to Palmaz; U.S. Patent 5,026,377 to Burton et al.; U.S. Patent 
5,158,548 to Lau et al.; U.S. Patent 5,242,399 to Lau et al.; U.S. 5,344,426 to Lau 
5 et al.; U.S. Patent 5,415,664 to Pinchuk; U.S. Patent 5,453,090 to Martinez et al.; 
U.S. Patent 4,950,227 to Savin; U.S. Patent 5,403,341 to Solar; U.S. Patent 
5,108,416 to Ryan et al., U.S. Patent 5,242,451 to Harada and European Patent 
Application No. 707 837 Al to Sheiban, all of which are incorporated herein by 
reference. A stent particularly preferred for use with this invention is described in 

10 PCT Application No. 960 3092 Al, published 8 February 1996, the content of which 
is also incorporated herein by reference. 

The present invention is particularly directed to improved arrangements 
for catheters of reduced profile for performing angioplasty and for releasably 
attaching the stent to the catheter to facilitate delivery thereof. The invention is 

15 applicable to all the various types of catheters used in such procedures, including 
rapid exchange types and over-the-wire types. 

The various embodiments of the invention disclosed herein are shown 
in schematic form for clarity and simplicity of illustration. It is anticipated that those 
familiar with this art will be able to incorporate the invention into actual catheters 

20 without difficulty. Similar elements in the Figures are identified by similar or 
identical numbers. 
Summary of the Invention 

This invention concerns catheter apparatus suitable for performing 
angioplasty and for delivery of stents to body cavities. In general, stents are 

25 prosthetic devices which can be positioned within a body cavity, for example, a blood 
vessel or in some other difficultly accessible place of the body of a living human or 
animal. The stent prosthesis is formed of a generally tubular body, the diameter of 
which can be decreased or increased. Stents are particularly useful for permanently 
widening a vessel which is either in a narrowed state, or internally supporting a vessel 

30 damaged by an aneurysm. Such stents are typically introduced into the body cavity 
by use of a catheter. The catheter is usually of the balloon catheter type in which the 
balloon is utilized to expand the stent, which is positioned over the balloon for 
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delivery, to place it in a selected location in the body cavity. The present invention is 
particularly directed to improved arrangements for releasably attaching the stent to the 
catheter to facilitate delivery thereof. The stent is held in place on the catheter by 
means of an enlarged mounting body carried within the balloon by the catheter shaft 
5 to which the stent and balloon are fitted. The stent is fitted over the balloon, as by 
crimping. However, according to the invention in some embodiments, the enlarged 
body is axially movable on the inner shaft of the catheter so that it can be retracted 
from the stent mounting area to provide a small profile for performing angioplasty. 
The catheter can then be withdrawn; the enlarged body can be moved into the stent 

10 mounting area; the stent can be mounted and the catheter can be re-inserted to implant 
the stent. In other embodiments, the enlarged body can be arranged to be reducible 
and enlargeable in size rather than being movable. Alternatively, the movable 
mounting body may be carried outside the balloon. 

A catheter of this type makes possible a method in which, before stent 

15 loading with the associated mounting body arranged to provide reduced diameter in 
the balloon region, the catheter may be used to dilate a lesion or the like. The 
catheter may be withdrawn and the mounting body may then be selectively 
manipulated to provide an enlarged diameter in the stent mounting region and a stent 
may be loaded onto the catheter. The catheter may be re-inserted to implant the stent. 

20 The catheter may be withdrawn or left in situ and the mounting body may be 

manipulated to provide reduced diameter again and the catheter may be used for any 
post-dilation desired. Also, the catheter may be used multiple times in the procedure 
for dilation and stent implantation. 



25 Brief Description of the Figures 

Figure 1 is an isometric view, a portion of which is enlarged and in 
longitudinal section, of a balloon catheter having a mounting body in a retracted 
position; 

Figure 2 is an even more enlarged view in longitudinal cross-section of 
30 the distal end portion of the catheter of Figure 1; 

Figure 3 is similar to Figure 2 but showing the mounting body 
advanced to receive a stent mounted on the balloon; 
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Figure 4 is an enlarged cross-sectional view of the distal end portion of 
the catheter of Figure 1 similar to that of enlarged view Figure 3 but showing the 
balloon in an expanded condition along with the expanded stent; 

Figure 5 is a schematic showing of a preferred mounting body carried 
5 by the catheter shaft within the balloon, the body being spirally cut to improve 
flexibility; 

Figure 6 is a schematic showing in cross-section of another 
embodiment of the invention with a mounting body positioned to receive a stent but 
with a stent not yet mounted; 
10 Figure 7 is a schematic showing of another embodiment of the 

invention; 

Figure 8 is a schematic showing of a means for conveniently crimping 
the stent on the embodiment shown in Figure 5; 

Figure 9 is a schematic showing of yet another embodiment of the 

15 invention; 

Figure 10 is a showing of another embodiment of a mounting body 
according to the invention; 

Figure 1 1 is a schematic of an enlargeable mounting body which is not 
axially movable; 

20 Figure 12 is a schematic of an alternate enlargeable mounting 

arrangement which is not axially movable; 

Figures 13 and 14 are schematic showings of yet another embodiment 
in which the axially movable mounting body is carried outside the balloon; 

Figures 15 and 16 are schematic showings of still yet another 
25 embodiment of the invention, and 

Figures 17 and 18 are a modified version of the embodiment shown in 

Figure 11. 

Description of the Preferred Embodiments 
30 Referring to Figures 1^4 an angioplasty and stent delivery catheter 

system generally indicated at 10 includes a balloon catheter 12 having a balloon 14 on 
a distal end portion generally indicated at 16. Figure 1 shows a proximal portion of 



the catheter at 12a and a distal portion 12b in enlarged view. Figures 2 and 3 show 
the distal end portion 16 in an even more enlarged view. The illustrative catheter 12 
is of the type known as a rapid exchange or single operator catheter. However, other 
types of catheters may be used, such as over the wire and fixed wire types. The 

5 balloon 14 is fixed to the catheter 12 by standard means. The balloon is shown in its 
contracted state in Figures 1-3. In Figures 1 and 2 the catheter is shown prepared for 
performing angioplasty and in Figure 3 it is prepared for stent implantation. 

In Figures 1 and 2, an axially movable mounting body 30 is shown in a 
position proximal to the end portion 16 of the catheter where a stent may be mounted. 

10 The catheter includes at its proximal end a manifold, generally designated 13, as is 
known in the art. The manifold includes an inflation port 15 as is known in the art. 
A wire 31 is attached to body 30 to enable remote (from the proximal catheter end) 
advancement and retraction of it axially on inner lumen 26 over which it slides. In 
the retracted position shown in Figures 1 and 2, the catheter has a low profile for 

15 performing angioplasty. 

This position is a retracted position and is selected by operation of a 
pull wire 31. The retracted position of the mounting body may vary. To maximize 
the low profile of the distal end 16 of the catheter, the retracted position may be 
within the outer member 24. 

20 After such a procedure, the balloon is deflated, the catheter is 

withdrawn and the mounting body is advanced by means of wire 31 to the stent 
mounting position shown in Figure 3. A stent 18 may then be fixed about the deflated 
balloon by crimping it thereto. The stent has a larger expanded diameter which is 
obtained when the balloon is again expanded in the known manner. That is, the stent 

25 is released from the catheter upon expansion of the balloon as shown in Figure 4 to be 
placed in a vessel at the desired location. When the balloon is then again deflated, 
removal of the balloon and catheter may be accomplished, leaving the stent in place. 
Exemplary dimensions for the inner 26 is a diameter of 1 /2mm and for body 30 a 
diameter of %mm. 

30 As is known in the art the balloon is either bonded at its ends by 

adhesive 20 and 22, respectively to the outer member 24 of the catheter and to the 
inner member 26 of the catheter in the manner as shown, or is made one-piece with 
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the outer member as is known in the art. The catheter balloon may be inflated by 
fluid (gas or liquid) from an inflation port extending from a lumen 28 (seen in Figure 
2 and 3) contained in the catheter shaft and opening into the balloon as shown, or by 
other known arrangements, depending on the design of the catheter. The details and 
5 mechanics of balloon inflation and specific overall catheter construction will vary 
according to the particular design involved in any given instance, and are known in 
the art per se. Such details are only shown schematically herein. All variations are 
acceptable for use with this invention. 

Any balloon expandable stent may be used with this invention. Many 

10 are known in the art including plastic and metal stents. Some are more well known 
such as the stainless steel stent shown in U.S. Patent 4,735,665; the wire stent shown 
in U.S. Patent 4,950,227; another metal stent shown in European Patent Application 
EPO 707 837 Al and that shown in U.S. Patent 5,445,646, or U.S. Patent 5,242,451. 
All of these patents are incorporated herein by reference. Also, shape memory metal 

15 stents may be used. As already indicated the stent of PCT Application 960 3092 Al 
is particularly preferred. 

The stent is typically for example about 16mm long, while the balloon 
may be 20mm long for example. These dimensions, however, are merely 
representative for illustrative purposes only and are not meant to be limiting. The 

20 stent is positioned over the balloon portion of the dilatation catheter and gently 

crimped onto the balloon either by hand or with a tool such as a pliers or the like to 
be mounted for delivery as shown in Figure 3. The crimping may be readily 
accomplished by the physician during the procedure. 

In accordance with this invention, mounting body 30, best seen in 

25 Figures 2 and 3, is included inside balloon 14 to provide a cushion and/or substrate of 
enlarged diameter relative to the stent to support and hold the stent and secure it 
during crimping and the delivery procedure. The mounting body may be axially 
movable proximally or distally from the position shown in Figure 3, proximally being 
preferred. 

30 In the embodiment shown in Figures 1-3, mounting body 30 is 

cylindrical in form and takes the shape of a sleeve axially and slidably carried on 
inner lumen 26, providing an enlarged area or portion for receiving the balloon and 
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stent when the latter is crimped to the balloon. Marker band 34 may also be included 
on inner 26 as shown. Any radiopaque material such as gold is useful for this 
purpose. A stop member 36 of generally conical shape or any other shape may also 
be included on the marker band 34 as shown to provide additional resistance to stent 
5 movement during delivery and to protect the leading edge of the stent during delivery. 
Polyethylene or the like is suitable for the stop member. Other marker arrangements 
and stop arrangements may be used as well. 

Although, the material of the mounting body may be hard, it is 
preferably of any deformable thermoplastic material, preferably an elastomer material 

10 and more preferably of a relatively resilient elastomer material, e.g., lower durometer 
silicone. A preferred deformable thermoplastic material is high density polyethylene 
(HDPE). A preferred lower durometer silicone is in the form of tubing. The 
deformation of the resilient material of the mounting body when the stent/balloon is 
crimped to it causes a radial outward force on the stent/balloon increasing the friction 

15 therebetween despite any recoil of the stent. 

During stent delivery, the balloon catheter is advanced through and 
positioned in a patient's vasculature so that the stent is adjacent to the portion of the 
vessel where treatment is to take place. The balloon is inflated to expand the stent to 
an enlarged diameter. When the stent has reached the desired diameter, the balloon is 

20 deflated so that the catheter may be removed leaving the stent in place. 

Another embodiment of the invention is shown in Figure 5. In this 
embodiment mounting body 30 is a spiral cut elastomer or other suitable material, 
such as a rigid or flexible plastic, to provide separation for flexibility in that portion 
of the catheter, allowing more easy movement or tracking around bends. The spiral 

25 cut may be only partly through the mounting body or may be all the way through as 
shown in Figure 5. Also, while stop member 36 is shown at the distal end portion of 
the catheter in this embodiment, no stop member may be used. 

Another similar version is shown in Figure 6 which includes a 
cylindrical mounting body 30 made up of a plurality of separate adjacent rings 30a 

30 held together by wire 31 which extends therethrough as shown with stops 29 to secure 
the rings together. Rings 30a may be individual bodies carried on the sheath or 
bodies cut from a cylinder to partially separate them or fully separate them. Suitable 
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arrangements may be made to wire 31 at each end of the body 30 to hold the rings 
together, as shown. 

The embodiment shown in Figure 7 includes another feature based on 
the geometry of the mounting body for further securing the stent upon crimping. This 
5 feature is referred to herein as "interlocking". That is, the stent may be interlocked to 
the mount so that the stent cannot slide proximally or distally on the balloon unless it 
is deformed, such as by expansion. This can be seen by perusing the structure shown 
in Figure 7 which includes the inner 26 having a two-piece mounting body made up of 
spaced mounting bodies 30a and 30b. These bodies are connected to each other by 

10 connection means 33 which may be a separate or integral cylindrical body of lesser 
diameter or may be one or two or more relatively rigid wire members as shown. The 
spacing between bodies 30a and 30b allows portions of the stent 18 and balloon 14 to 
be depressed or inserted between the bodies upon crimping of the stent thus forming 
an interlock against sliding of the stent axially or longitudinally before the stent is 

15 released. 

The interlock formation or crimping is readily accomplished by any 
suitable means such as a two-piece die 40 shown in Figure 8 or the like. 

Figure 9 demonstrates that more than a two-piece mounting body 
arrangement may be used if desired. In this embodiment, the mounting body is 

20 comprised of three spaced interconnected bodies 30a, 30b and 30c on the inner 26. 
Preferably in the embodiments of Figures 7 and 9, the mounting bodies will be ring- 
like in shape or cylindrical in shape although other configurations will be readily 
apparent to those familiar with this art. 

Referring now to Figure 10, another embodiment of a movable 

25 mounting body 30 is shown in the form of a rigid coil of plastic, metal or the like 

having a control wire 31, preferably integral therewith. When in the metal form, the 
coil may be coated with a polymer such as polyethylene or PTFE or enclosed in a 
polymeric sheath of similar material. The coil may be slidably received on the inner 
26 similar in arrangement to that shown in the preceding Figures. 

30 As already indicated, an alternate arrangement may be used in which 

the mounting body, instead of being movable, is designed to be enlargeable and 
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reducible or collapsible, while remaining in a fixed position in the stent mounting area 
of the catheter. Figures 11 and 12 are directed to such an arrangement. 

In Figure 1 1 , an inner balloon 50 of smaller diameter than outer 
balloon 14 is mounted on the inner 26. Balloon 50 may have a separate inflation 
5 conduit 52 inside inner 26, preferably including a valving arrangement 54. Valve 54 
may be a one-way valve allowing only inflation of balloon 50 if desired. However, 
inner 26 may serve as the inflation conduit as well. In addition to fully inflat the 
balloon, inner balloon 50 may also be partially inflated. 

Figure 19 shows a modification to Fig. 11 in which two inner balloons 
10 50a and 50b are included. Fig. 20 shows a modification in which two inflation valves 
54a and 54b are included. 

Figure 21 shows a full arrangement of inner balloon 50 in which a 
syringe 120 is inserted into the distal end of the liner 26 of the catheter. The syringe 
has at its ends blocks 122 and 124 to enable local pressurization of inner 26 to inflate 
15 balloon 50. 

Figures 17 and 18 show an inner balloon 50 similar to the arrangement 
of Figure 1 1 but the balloon 50 in Figure 17 has a narrow center portion and wide 
ends to provide a mounting shape similar to that of Figure 7. In Figure 17, balloon 
50 is inflated and balloon 14 is partially inflated. In Figure 18, balloon 50 is inflated 

20 and balloon 14 is uninflated ready for stent loading. Balloon material is preferably a 
polyethylene or urethane elastomer such as Tecoflex or Tecothane from Thermedics. 

Referring to Figure 12, an alternate embodiment is shown in which the 
proximal portion of the inner 26 is axially movable while the distal portion 26b is 
fixed with respect to the catheter. In between portion 26a and portion 26b is a coil 

25 spring 60 inside a flexible sheath 62 of PTFE or the like. Portion 26b of the inner is 
attached to balloon 14 at the very distal end portion of the catheter. Portion 26a is 
movable axially within the outer 22. Thus, if 26a is pushed in the distal direction and 
held to compress coil 60, the coil will enlarge in diameter to provide an enlarged 
mounting area for a stent. Twisting the inner to twist the coil will enhance 

30 enlargement. Alternatively, coil spring 60 may be replaced by a braided element. 

Also, by providing different pitch over the length of the coil it can be 
made to enlarge more in some regions than in others. For example, if the coil 
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windings are closer together in the center portions than in the end portions, when the 
coil undergoes compressing, the two end portions will enlarge in diameter more than 
the center portion to provide a mount similar to that of Figure 7. 

Referring now to Figures 13 and 14, another embodiment is shown 
5 which is alternative to the earlier described embodiments which are inside the balloon 
on the catheter. In this embodiment a sheath 80 is carried on the outside of the 
catheter. Sheath 80 is elastomeric and is axially movable from a stent mounting 
position as shown in Figure 14 to a position remote from the stent mounting position, 
such as the retracted position as shown in Figure 13. In the position shown in Figure 

10 13, balloon 14 may be inflated and deflated. In the position shown in Figure 14, 
balloon 14 will be deflated for low profile. Sheath 80 when over the balloon as in 
Figure 14 acts to increase the profile of the catheter to facilitate crimping a stent 
thereto during deployment of the stent, sheath 80 will expand with balloon 14 to 
facilitate inflation and during deflation the elastomer sheath will return to its original 

15 dimension. An elastomer material which is presently preferred is Tecothane, a 
tradename for a thermoplastic polyurethane available from Therrnedics, Inc., of 
Woburn, Massachusetts. It may be about 0.003 inches thick, for example. 

With respect to Figures 15 and 16, a further embodiment of the 
invention is shown in which inner 26 carries a mounting body 30, the distal end 100 

20 of which is secured or fixably attached to inner 26, as by any suitable adhesive. The 
remainder of body 30 is slidable over inner 26 as by the application of compression in 
the distal direction at the proximal end 102. This may be accomplished by push wire 
104 which extends to the proximal end of the catheter for remote manipulation as is 
known in the art. 

25 Mounting body 30 is accordion folded with more widely spaced folds 

at the end portions 106, than at the central portion 108. Thus, as can be seen in 
Figure 15, a relatively low profile is provided without compression for normal 
angioplasty use. When a stent is to be mounted (not shown), compression by means 
of push wire 104 will result in a configuration of enlarged diameter of body 30 as 

30 shown in Figure 16 to provide a mount similar to that of Figure 7 in general 
configuration. If the spring is uniform over the body, it sill enlarge uniformly, 
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similar to the inner balloon of Figure 1 1 . The Figures are schematic in form but the 
concept can be readily appreciated. 

As an alternative to a folded construction, the body may be of braided 
construction to achieve the same operation. 

Also, this form of body 30 may be inserted into a two piece inner 26 
similar to the arrangement shown in Figure 12. In all of these arrangements, the 
accordion folded body material may be of any suitable polymer, such as polyethylene. 
For example, tubing having a wall thickness of about .002 inches may be used. The 
accordion folds or pleats may be readily formed in such tubing by means of a pressure 
mold containing spaced blades placed in a heated chamber. 

The above Examples and disclosure are intended to be illustrative and 
not exhaustive. These examples and description will suggest many variations and 
alternatives to one of ordinary skill in this art. All these alternatives and variations 
are intended to be included within the scope of the attached claims. Those familiar 
with the art may recognize other equivalents to the specific embodiments described 
herein which equivalents are also intended to be encompassed by the claims attached 
hereto. 



